T he use of computer-assisted surgery in total knee arthroplasty (TKA) offers experienced surgeons the ability to improve limb and implant alignment and reduce outliers. [1] [2] [3] [4] [5] [6] [7] [8] Two recent high-quality meta-analyses reported that computer-assisted TKA can produce more accurate and precise limb alignment results than conventional TKA. 9, 10 Despite the improved alignment and reduced outliers that result from computer-assisted TKA, it has not been clearly established in the literature whether these benefits translate to improved patient outcomes.
Despite reduced alignment outliers, computer-assisted TKA may not be associated with improved clinical and functional outcomes compared with manual TKA at early follow-up. 4, [11] [12] [13] [14] [15] [16] [17] [18] [19] This was reflected in the current authors' experience in a case-controlled study in which they reported no significant differences in clinical, functional, or radiographic outcomes between computer-assisted and manual TKA at 1-and 6-month follow-up. 20 These results were attributed to improvements in the technique and performance of manual TKA that had been realized through the learning effects afforded by working extensively with an intraoperative navigation system. 20 At intermediate-term follow-up, the literature reports mixed results regarding the ability of computer-assisted TKA to improve clinical and functional outcomes. Hoffert et al 21 and Ishida et al 22 reported that computer-assisted TKA resulted in significantly better clinical outcomes, whereas Hernandez-Vaquero et al, 23 Kamat et al, 24 and Molfetta et al 25 reported no differences in clinical and functional outcomes.
Because the current authors' previous experience with performing computerassisted TKA demonstrated no clinical superiority to manual TKA in short-term follow-up, the purpose of the current study was to determine whether clinical and functional outcomes differences could be elicited in the same cohort of patients at 5-year follow-up.
Materials and Methods
Seventy-eight consecutive TKAs were performed by a single surgeon (S.D.S.) who had extensive experience performing computer-assisted and manual TKAs. Of these TKAs, 40 were performed with manual instruments and 38 were performed with computer assistance. The groups had no statistically significant differences in age, sex, diagnosis, body mass index, surgical technique, implants, perioperative management, Knee Society scores, and anteroposterior mechanical axis (Table 1) . Clinical examinations were performed preoperatively and postoperatively at 1 and 6 months and 5 years by an independent physician blinded to the surgical technique. Pre-and 1-month postoperative radiographic measurements of the anteroposterior mechanical axis and the sagittal tibial and femoral axes were evaluated by an observer (P.C.) who was blinded to the surgical technique. The Knee Society scoring system was used to assess the clinical and functional outcomes related to range of motion, pain, knee stability, patient mobility, and movement independence. Functional activity was also assessed with the UCLA Activity Score. Columbus cruciate-retaining condylar implants (Aesculap, Tuttlingen, Germany) were used in all patients. The OrthoPilot navigation system (Aesculap) was used for performing computer-assisted TKA. This study was approved by the institutional review board of Northwestern University.
Statistical Analysis
Two-sided, unpaired t tests were conducted on all preoperative and 1-and 6-month and 5-year postoperative outcomes to detect differences in means between the groups. In addition, 2-sided unpaired t tests were used to analyze differences in improvement between computer-assisted and manual TKA in regard to changes in knee, function, and pain scores and range of motion from their preoperative values to their 1-and 6-month and 5-year postoperative values. The level of significance was set at 5% (a50.05). Statistical analysis was 
results
Of the original 78 patients, 63 were available for follow-up (manual group, n534; computer-assisted group, n529). Three patients had died, 5 were unable or unwilling to return, and 7 could not be contacted. At 5-year follow up, no statistically significant differences existed in the Knee Society knee score (P5.289), function score (P5.272), range of motion (P5.284), pain score (P5.432), or UCLA activity score (P5.109) when comparing manual and computer-assisted TKA (Table 2, Figure 1 ). Mean knee score improvement preoperatively to 5 years postoperatively was statistically higher in the computer-assisted group compared with the manual group (P5.037) (Table 3, Figure 2 ). No statistically significant differences existed between the 2 groups in terms of changes in function score (P5.936), range of motion (P5.117), and pain score (P5.182). Postoperative radiographs showed a significant difference in the mechanical axes (P5.004) between the 2 groups, but no significant differences existed in the sagittal femoral or sagittal tibial axes. Mean preoperative mechanical axis was 7.7° for the computer-assisted group and 5.2° for the manual group, whereas mean postoperative mechanical axis was 2.0° for the computer-assisted group and 20.24° for the manual group.
discussion
No significant differences existed between the computer-assisted and manual TKA groups except for the postoperative mechanical axis and knee score improvement from the preoperative period to the 5-year follow-up. Although a statistically significant difference existed in postoperative mechanical axis, this was not clinically significant because both groups achieved a neutral mechanical axis (63°). Furthermore, the current authors previously investigated how radiographs may not be sensitive or accurate enough to identify small alignment outcomes differences if they exist. 26 Although they found a difference in the magnitude of knee score improvement from the preoperative period to 5 years postoperative in the current study, this is attributable to the fact that the computer-assisted group tended to have lower knee scores preoperatively compared with the matched manual patients. Both groups had similar preoperative function scores, thus the clinical significance of this finding is limited. Furthermore, no statistically signifi- cant difference existed in the final 5-year postoperative knee scores, suggesting that both groups ultimately achieved similar postoperative clinical outcomes. The current authors' experience with computer-assisted and manual TKA is similar to that of other published studies with a similar study size, follow-up duration, and outcome evaluation methodology (Table 4) . [21] [22] [23] [24] [25] Exceptions include studies by Hoffart et al 21 and Ishida et al. 22 Hoffart et al 21 reported a significant improvement in Knee Society knee and function scores at 5-year follow-up with computer navigation despite no significant improvement in mechanical alignment. The authors suggested that the rotational positioning of the femoral and tibial components might explain the improvement, although these measurements were not performed in the study. 21 Ishida et al 22 reported a significant improvement in Knee Society knee score and range of motion 5 years after computer navigation. 22 They attributed the improved range of motion to improved femoral component rotation through the use of computer navigation. 22 A strength of the current study is that the UCLA Activity Score was included in the postoperative evaluation of patient function in addition to the Knee Society function score. It has been shown that the UCLA Activity Score is the most appropriate scale for assessing physical activity levels in patients undergoing total joint arthroplasty. 27 The inclusion of this metric strengthens the authors' underlying conclusion that computer-assisted and manual TKA produce similar functional outcomes at intermediate-term follow-up.
The current study had limitations. Although the Knee Society scoring system has had adequate convergent construct validity compared with other outcome instruments, such as the Short Form 36 health survey and Western Ontario and McMaster Universities Osteoarthritis Index, 28, 29 the current authors have concerns that the traditional Knee Society Scoring System may not be sensitive enough to elucidate small differences in patient function.
When the Knee Society score was introduced in 1989, 30 many patients undergoing TKA were sedentary; therefore, evaluating knee function for basic activities, such as walking, going up and down stairs, and getting in and out of chairs, was appropriate. Many patients undergoing TKA in recent times function at higher activity levels and are involved in various recreational activities beyond basic activities of daily living.
The current authors recognize the presence of a ceiling effect, in which one encounters patients with high scores that inhibit effectively distinguishing outcomes related to different interventions. 31 The current authors have significant concerns that the traditional Knee Society scoring system, which they have used for several years as a primary evaluation tool for postoperative patient outcomes, may not be sensitive enough to detect small differences in patient outcomes, if these differences exist. 
e630
With the development of the Revised Knee Society scoring system, 31 patient function is evaluated based on a broad range of physical activities encountered in daily living and during exercise, recreation, sporting activities, and on new measures, such as patient expectations and satisfaction. This may provide increased sensitivity to help identify objective differences in patient outcomes that would not have been apparent with the previous system.
Although radiographs are the most commonly used tool for evaluating postoperative limb alignment following TKA, they may lack the sensitivity needed to distinguish small differences in limb alignment. Small changes in limb position and rotation have been reported to significantly affect the apparent mechanical axis as measured on radiographs. [32] [33] [34] Thus, the current authors are limited in drawing definitive conclusions regarding limb alignment between patients undergoing computer-assisted versus manual TKA who perceived differences of 1° to 2°.
conclusion
No significant differences were found in clinical or functional outcomes between patients undergoing computer-assisted vs manual TKA at 5-year follow-up. These results were similar to the authors' previously reported short-term results with the same patient cohort. The development of more sensitive outcome measures, such as the Revised Knee Society Scoring System, 31 may help elucidate potentially small but clinically relevant differences in TKA clinical and functional outcomes that would not be apparent with traditional outcome evaluation tools. 
